ABSTRACT
INTRODUCTION
The ship propellers range in size from small (below 2 m in diameter) to large ones (above 5 m in diameter) [1] .
The specimens of most ship propeller castings constitute separately cast test bars with chemical composition and mechanical properties in line with specification for propeller cast material, Fig. 1 and 2 . The test bar can be also cast in the form shown by broken line in Fig. 1 [2] . [2] It is clear that the mechanical properties of the sand-cast ship propeller made of copper alloys, measured on a separately cast test bar, are intended for providing an assessment of general quality of the materials rather than for determination of the actual mechanical properties of the propeller casting, particularly when large sections are involved [3] . In large propeller casting with thick sections slower self-cooling rate is a hindrance from obtaining a microstructure to the effect that the mechanical properties of the propeller casting appear below these obtained from the cast test bar of only 25 mm diameter [4] . The lowest strength of the propeller casting material was found in the entrance of propeller blade into hub, Fig. 3 ; which is specially important for constructors [5] . The aim of this work is to investigate changes in microstructure and mechanical properties of ship propeller blades along with increasing thickness of their sections.
TESTED MATERIAL AND TESTING PROCEDURES
The chemical composition and mechanical properties of MM55 manganese brass used for the tested ship's propeller are included in Tab. 1 where also appropriate data taken from PN-91/H-87026 standard [6] and PRS Rules [2] are attached.
The tested ship's propeller blades are 800 mm long, 15 mm thick at 0.9 R radius and 45 mm thick at 0.25 R radius. The samples for testing microstructure and mechanical properties of ships propeller's material were cut out from centre blade section of 15 mm, 20 mm, 25 mm, 35 mm and 45 mm in thickness. The results are also graphically shown in Fig. 4 .
TEST RESULTS AND DISCUSSION
It can be observed that along with the increasing of blade thickness the ultimate tensile strength R m of the blade material decreased initially slowly and then quickly. Similar are the changes of the 5.65 o S elongation A 5 of the material, which become stable when the blade section thickness approaches 45 mm. The 0.2% proof stress R 0.2 and hardness HV20 decreased initially quickly and became stable at the blade section thickness close to 45 mm. All the changes of mechanical properties of propeller's casting material resulted from the decreasing of self-cooling rate of propeller casting along with increasing blade section thickness.
The metalographic examinations showed that with the increasing of the blade section thickness the microstructure of the manganese brass used for the propeller casting was also changing, as presented in Tab. 3 and illustrated in Fig.  5 The increase of the blade section thickness resulted not only in the volume fraction of the phase in microstructure but also in the increased areas of α-phase precipitates. Fig. 7 shows the number of α -phase precipitates in relation to thickness of propeller blade section. It can be observed that in the microstructure the number of precipitates of 0-500 µm 2 area diminished and that of precipitates of 1001-5000 µm 2 are increased along with decreasing self-cooling rate.
Item
The course of microstructure changes in MM55 manganese brass used for ship propeller casting resulted from the decreasing of self-cooling rate of casting along with the increasing of blade section thickness. 
CONCLUSIONS
The performed tests showed that the increasing -from 15 mm to 45 mm -of blade section thickness of the ship sand -cast propeller made of MM55 manganese brass resulted in :
An increase of the volume fraction of hard and short κ-phase in the material's microstructure, and a simultaneous decrease of the mechanical properties of the material.
The following decrease of particular properties was observed : the 0.2% proof stress R 0.2 -by 5.3%, the ultimate tensile strength R m -by 5.5 %, 5.65 o S elongation A 5 -by 16.8%, and HV20 hardness -by 17.5%.
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